Abstract. The oncogene DEK was originally identified as one of the parts of the DEK-CAN fusion gene, arising from the translocation (6;9) in a subtype of acute myeloid leukemia. Since then, DEK has been shown to promote tumorigenesis in a variety of cancer cell types through its roles in inhibiting cell differentiation, senescence and apoptosis. Certain studies have established that DEK is dysregulated in several types of cancer, including hepatocellular carcinoma (HCC). However, its clinical significance in human HCC remains unknown. In this study, the expression of DEK mRNA and protein was examined in 55 surgical HCC specimens and matched non-tumorous tissues. In addition, the correlation between DEK expression and clinicopathological characteristics and prognosis was analyzed. mRNA and protein levels of DEK were found to be significantly overexpressed in the majority of HCC tumors when compared with matched normal hepatic tissues (P<0.05). In addition, the expression pattern of DEK was closely correlated with differentiation status, portal venous invasion and tumor size (P<0.05). Kaplan-Meier curves demonstrated that patients with higher DEK expression levels had significantly poorer survival than those with lower DEK expression levels (P=0.003). In addition, Cox regression analysis demonstrated that the level of DEK expression may be a valuable prognostic factor (P<0.05). These results suggested that DEK may play a significant role in hepatocyte differentiation and may serve as a useful prognostic marker and biomarker for the staging of HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide. HCC incidence continues to increase, ranking as the second leading cause of cancer-related mortality among males in China (1) . Similar to other cancer types, HCC is characterized by an evident multistage process of tumor progression (2) . In spite of the developments in surgical treatment strategies and options made available in recent years, the overall prognosis of HCC patients remains extremely poor, and this is largely due to the high frequency of recurrence or metastasis following surgery (3) . Thus, the capacity to subjectively predict the risk of recurrence and subsequent prognosis is essential to guide surgery and chemotherapy.
The oncogene DEK was originally identified as one of the parts of the DEK-CAN fusion gene, arising from the translocation (6;9) in a subtype of acute myeloid leukemia patients (4) . The overexpression of DEK has been observed in several malignancies including melanoma, bladder cancer, glioblastoma, retinoblastoma and HCC (5) (6) (7) (8) (9) . The increasing list of tumor types demonstrating high and easily detectable DEK protein expression indicates the potential of using DEK as a tumor marker (9) . A previous study has characterized DEK as a potential urinary and tissue biomarker for transitional cell carcinoma of the bladder of various grades, stages and progression (10) . Furthermore, since the amount of DEK expressed in immature cells is greater than that in differentiated cells, it could assist in assessing the differentiation potential of tumor cells (11). Previous studies have identified that DEK overexpression may be linked with the progression of breast cancer, and that DEK may possibly be used not only as a therapeutic target, but also as a breast cancer biomarker for the early diagnosis and prognostic evaluation of breast cancer (12) (13) (14) .
While DEK overexpression has been observed in HCC, little is known about its clinical significance in this context (6, (15) (16) . In the present study, we examined the expression level of DEK mRNA and protein in HCC surgical specimens and matched normal hepatic tissues, and then analyzed the correlation between DEK expression and clinicopathological characteristics and patient prognosis. 15 primer (10 mM), 1 µl dNTPs (10 mM) and diethylpyrocarbonate-treated water. The reaction mixture was incubated for 1 h at 42˚C, heated for 5 min at 95˚C and placed for 5 min in an ice bath; the first strand of cDNA was either stored at 4˚C or used immediately for polymerase chain reaction (PCR).
Overexpression of
P C R . P r i m e r s e q u e n c e s w e r e a s f o l l o w s : 5'-TCTGTGAGGTTCT TGATTTGGA-3' (forward) and 5'-CTGTTCCGTTCCTTTTT ACTGC-3' (reverse) for DEK; 5'-ACCTGACCTGCCGTCTA GAA-3' (forward) and 5'-TCCACCACCCTGTTGCTGTA-3' (reverse) for GAPDH. PCR analysis was performed under the following conditions: 4 min at 94˚C, 30 cycles of denaturation for 20 sec at 94˚C, annealing for 30 sec at 60˚C, extension for 40 sec at 72˚C, and finally 5 min at 72˚C. The amplification products were analyzed on a 1.5% agarose gel.
The intensity ratio was the relative expression of DEK normalized to that of GAPDH.
Immunohistochemical staining. A total of 55 HCC tissues and matched normal liver tissues were evaluated by immunohistochemistry. Multiple 5-µm sections were prepared from formalin-fixed, paraffin-embedded tissue blocks. Sections were placed overnight at 4˚C with mouse anti-human DEK monoclonal antibody (1:100, (Proteintech Group, Inc., Chicago, IL, USA). The streptavidin-biotin peroxidase complex tertiary system (Boster Bio, Pleasanton, CA, USA) was applied in accordance with the manufacturer's specifications. Sections were counter-stained using hematoxylin, dehydrated via gradient alcohol and fixed for observation. All sections were examined independently by two pathologists who were unaware of the patients' clinical status. With regard to the percentage of DEK-positive hepatocytes, immunohistochemical staining was scored as follows: 0, <5% positive; 1+, 5-25% positive; 2+, 26-50% positive; and 3+, >50% positive. Only nuclear expression was considered to be positive staining. Tissues with moderate to strong nuclear staining were designated as the DEK high expression group (scores 2+ and 3+). Tissues designated as the DEK low expression group were either devoid of any nucleus staining or scored as 0 or 1+.
Statistical analysis. SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for all data analyses. 
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The paired-samples t-test was used to compare the intensity ratio between HCC tissues and matching non-cancerous livers. Pearson's χ 2 test was used to assess differences in the rate of positive immunostaining between hepatic cancer tissues and adjacent tissues. An independent Student's t-test and Pearson's χ 2 test were used to evaluate the correlations between DEK mRNA and protein expression and clinicopathological variables of HCCs, respectively. The Kaplan-Meier method was employed to analyze patient survival, and the differences in survival were evaluated using the log-rank test. The Cox proportional-hazards model was used to confirm factors independently associated with survival. All P-values were based on two-sided statistical analyses, and P<0.05 was considered to indicate a statistically significant difference.
Results
Significantly increased DEK mRNA and protein expression in HCC tissues. The expression of DEK mRNA was analyzed in 55 HCC samples and matched normal hepatic tissues. Higher expression levels of DEK mRNA were observed in 50 of the HCC tissue samples compared with the matched non-tumor hepatic tissues. DEK mRNA levels in HCC tissues were significantly higher than those in corresponding non-tumorous livers (0.707±0.157 versus 0.391±0.116; t=18.3, P<0.001; Fig. 1B and C) . By immunohistochemical analysis, the percentage of positive DEK expression in HCC tissues was significantly higher than that in corresponding normal livers [87.3% (48 of 55) versus 40.0% (22 of 55); P= 0.002; Fig. 2C] . Moreover, the DEK protein levels in HCC tissues were significantly higher than those in the corresponding non-tumorous livers (P<0.01, Fig. 2A and B) . Furthermore, an increase in nuclear expression of DEK was observed in HCC tumor tissues, both in intensity and in the positive proportion.
On the basis of the immunohistochemistry data, the 55 HCC cases were divided into the low expression group (score 0 or 1+; n=29) and the high expression group (score 2+ or 3+; n=26). The DEK mRNA levels in the DEK high expression group were significantly higher than those in the low expression group (0.841±0.073 versus 0.587±0.106; P<0.001; Fig. 2D ).
Taken together, these data confirm the overexpression of DEK at the transcription and translation level in human HCC.
Correlation between DEK expression and clinicopathological characteristics.
The immunohistochemistry data were analyzed for the correlation of DEK protein expression with clinicopathological features. The expression of DEK protein showed a positive correlation with tumor size (P=0.001), Edmondson-Steiner grade (P=0.025) and portal venous invasion (P= 0.002). However, no significant correlation was observed between DEK protein expression and other clinical characteristics, including age (P=0.143), gender (P=0.385), hepatitis history (P=0.589), number of tumor nodules (P=0.795) and liver cirrhosis (P=0.418) ( Table I ). The mRNA levels were compared with the clinical data and found to be associated with the same clinical variables as observed in the protein level analysis. 39 months) , and the overall survival rates for the low and high expression groups were significantly different (P=0.003, log-rank test; Fig. 3) .
To elucidate factors that may predict survival following hepatic resection, univariate and multivariate Cox regression analyses were applied. In the univariate analysis, DEK expression level [hazard risk (HR), 2.273; P=0.022), Edmondson-Steiner grade (HR, 1.542; P=0.039) and portal venous invasion (HR, 3.145; P= 0.015) were all significantly associated with survival. However, age, gender, tumor size, hepatitis history, number of tumor nodules and liver cirrhosis were not significantly correlated with survival (Table II) . In the multivariate analysis, DEK expression level (HR, 2.974; P=0.017), Edmondson-Steiner grade (HR, 2.065; P=0.026) and portal venous invasion (HR, 1.967; P=0.028) were identified to be independent prognostic factors of survival (Table II) . Table I . Correlations between DEK protein expression and clinicopathological variables in 55 cases of hepatocellular carcinoma. 
DEK expression ----------------------------------------------

Discussion
DEK was originally identified in the fusion protein DEK-CAN, resulting from the recurrent t(6;9) translocation in a subset of acute myeloid leukemia patients (4). In addition, previous studies have suggested that DEK is ubiquitously expressed in the majority of mammalian cells (18) (19) . Subsequently, DEK was reported to be frequently upregulated in aggressive human tumors including melanoma, glioblastoma, retinoblastoma, bladder cancer and HCC (5) (6) (7) (8) (15) (16) . DEK has been proven to boost tumorigenesis in numerous cancer cell types through its function of intervening with cell division; inhibiting cell differentiation, senescence and apoptosis (20) (21) (22) .
In the present study, we measured DEK mRNA and protein expression levels in 55 HCC tissue samples paired with adjacent non-cancerous tissues. The study revealed that levels of DEK mRNA were significantly higher in HCC tissues than in the matching non-cancerous tissues (P<0.001). Although the present study had a higher number of clinical cases, the result was consistent with that from a previous HCC study, which demonstrated that DEK mRNA levels were higher in 4 of 5 primary HCCs compared with matched non-tumorous liver tissues (13) . Lü et al also demonstrated that DEK mRNA levels in HCC tissues were higher than those in paraneoplastic tissues (6) .
Furthermore, DEK protein expression was analyzed by immunohistochemistry in the same 55 paired specimens. The percentage of cells with positive DEK expression in HCC tissues was significantly higher than that in corresponding non-tumorous livers (87.3 versus 40.0%; P=0.002), comparable with the results from a previous study of DEK protein expression in HCC samples (14) . The immunohistochemistry results were in agreement with the mRNA analyses in this study. An increase in nuclear expression of DEK was observed in HCC tumor tissues, both in intensity and in the positive percentage of cells.
In the current study, we divided the HCC cases into low (n=29) and high (n=26) expression groups based on immunohistochemistry scores. DEK mRNA levels in the high expression group were significantly higher than those in the low expression group (P<0.001). Taken together, these results suggest that overexpression of DEK may be a common event in HCC tumorigenesis.
In this study, the DEK expression data obtained from RT-PCR and immunohistochemistry were analyzed for correlation with clinicopathological features. The results revealed that the expression levels of DEK mRNA and protein were correlated with pathological grade, tumor size and portal venous invasion. Significant differences in the expression levels of DEK mRNA and protein were observed when comparing grade 1 and 2 HCC with grade 3 and 4 HCC. These results are in agreement with a previous HCC study which reported that the level of DEK mRNA was correlated with the histological grade (15) . However, Lü et al reported that the difference in expression of DEK mRNA between well-and poorly differentiated HCC was not statistically significant (P>0.05) (6) .
In the present study, the results demonstrated that increased expression of DEK protein was significantly correlated with poor patient outcomes. However, age, gender, tumor size, hepatitis history, number of tumor nodules and liver cirrhosis had no effect on overall survival (P>0.05), whereas DEK expression, Edmondson-Steiner grade and portal venous invasion were significant predictors of overall survival (P<0.05). The association of DEK expression with overall survival was consistent with a previous study which demonstrated that increased DEK expression was significantly correlated with poor survival in breast cancer patients (12) .
A number of tumorigenic functions of DEK may contribute to the inverse correlation between DEK expression and survival of HCC patients. First, DEK is involved in the inhibition of differentiation and facilitation of cellular transformation (20) . Second, DEK inhibits cell apoptosis through its interference with p53 functions (24) . Lastly, DEK overexpression has been reported to extend cellular life span, supporting the role of DEK as a senescence inhibitor (25) .
In summary, overexpression of DEK in human HCC is significantly correlated with the prognosis and differentiation potential of HCC, suggesting that DEK may serve as a useful Table II . Multivariate analysis using a Cox proportional-hazards regression model for hepatocellular carcinoma patients. prognostic marker. Further studies should be carried out to investigate the precise function and molecular mechanism of DEK in the progression of HCC.
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